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[57] ABSTRACT 
A sequential-lobing, radar, tracking device, particu 
larly adapted to radars which scan mechanically in the 
azimuth plane and which have frequency-phase scan in 
addition. The phase scan operates to displace the beam 
in the vertical or elevation plane substantially normal 
to the plane of mechanical scan. Frequency scan pro 
vides a form of scan vernier and provides at least a 
substantial scan component in the direction of mechan 
ical scan. The frequency scan is programmed to employ 
the time delay introduced between two vernier azimuth 
beam pair positions by the mechanical scan in azimuth, 
so that azimuth measurements, i.e., as between beams 
which tend to bracket a target, are made at the same 
transmitted frequencies. The azimuth measurement is 
therefore independent of frequency scintillation effects 

_ resulting from the unpredictable variation of radar 
target cross-section as a function of frequency. 

10 Claims, 5 Drawing Figures 
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1 

SEQUENTIAL LOBING TRACK-WHILE-SCAN 
RADAR > 

BACKGROUND OF THE INVENTION 
l. Field of the Invention ‘ ~ . 

The invention relates to radar systems in general and 
particularly to radar systems adapted for target track 
ing in a track-while-scan mode. > 

2. Description of the Prior Art 
In the prior art, radar tracking systems and track 

while-scan systems have been extant for several de 
cades. 

the textbook “Radar Handbook” by Merrill I. Skol 
nik (McGraw Hill 1970), provides a relatively current 
overview of the state to this art. Chapter '21 of that text 
is devoted entirely to tracking radar and provides a 
background in scanning and lobing, monopulse track 
ing techniques, conical scan, and sequential lobing. 
The present invention may be said to fall in the general 
area of sequential-lobing, angle-tracking devices. The 
phase/ frequency scanning arrangement applied to a 
basically mechanically scanned (in one coordinate) 
array antenna, is, per se, well known in the radar art. 
Chapter 13- of the aforementioned Radar Handbook 
discusses frequency scanning concepts, as well as phase 
scanning and various hybrids of these concepts. Use of 
a planar array, itself mechanically rotated, such that 
angle scanning can be effected electronically (inertia 
less scanning) in addition to the mechanical scan pro 
vided, is a combination also known per se, although not 
in the novel con?guration of the invention. ‘ 
FIG. 17 of the aforementioned handbook, Chapter 

13, is particularly pertinent prior art in that it illustrates 
phase-frequency-scanning. Those skilled in this art are, 
therefore, well acquainted with these basic ‘prior art 
techniques and structures. ‘ 

Still further, the same text extensively treats the sub 
ject of phase shifters and their application to the phase 

' control of radio frequency excitation in an array, such 
as is used in connection with the present invention. In 
typical mechanical rotating radars, (such as the classi 
cal PPI radar), the important parameters in?uencing 
the accuracy of azimuth angle'm‘ea‘surement include 
the antenna azimuth beamwidth, the number of hits 
obtainable on a target, and the overall signal-to-noise 
ratio obtainable. The modern electronically‘ scanned 
radar system is also limited by such ‘constraints, how 
ever, some important options are available for improv 
ing accuracy when the capability for inertialess elec 
tronically controlled beam steering or‘pointing is ex 
ploited. . 

' In the same plane as the plane of the mechanical PPI 
scan (by array mechanical rotation) the beam may be 
electronically scanned over limited angles in a sense 
contrary to the mechanical rotation. This has the effect 
of placingmore energy on the target with a potentially 
realizable improvement inaccuracy. 
Technically, this electronic scan performance may be 

provided in a phase-phase planar array configuration, 
i.e., one which scans in both elevation and azimuth 
angular coordinates using individual phasors on each 
radiating element of the antenna. While this may be an 
esthetically satisfying technical approach, it is a very 
expensive one. Since the planar array usually contains 

10 

5 

2 
A considerably less expensive approach involves 

replacement of one of the electronic phase scan coordi 
nates with frequency scan, i.e., employing the well 
known principle of varying frequency driving a fre 
quency-sensitive array to effect beam pointing (steer 
ing) in a corresponding coordinate. In this way, two 
directional electronic angle scan (usually azimuth and 
elevation) can also be provided in an inertialess man 
ner without the exceedingly high cost of a full phasor 
scan system. 
For PPI type system involving mechanical rotation of 

an array in azimuth, the natural combination of low 
cost electronic scanning functions involves phase for 
elevation and frequency for azimuth, the latter as a 
type of vernier scan associated with the tracking func 
tion within the PPI scanning coordinate. 
To explore further the background of such devices, 

note that, in order for the antenna beam to be caused to 
remain on a given target for a period of time longer 
than available as a result of the mechanical antenna 

> rotation, the frequency of transmission may be varied 
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a relatively large number of elements in each array ' 
dimension, a correspondingly large number of phasors 
are therefore required. 

in accordance with the desired beam geometry about a 
given target. 
An important'limitation arises in the application of 

the aforementioned arrangement however, in that the 
azimuth measuring method is subject to frequency 
scintillation, that is, if the radar cross-section of a target 
differs from fl to f2 or from f2 to f,,, the resultant mea 
surement obtained by processing signal amplitude re 
turns on successive hits will be biased unpredictably. 
Such a technique is therefore accurate only if the radar 
cross-section is substantially identical for all frequen 
cies within the operating band of the radar. 
' Quite obviously, the foregoing idealized target re?ec 
tion properties are never realized in a practical situa 
tion. In fact, the radar cross-section of a given target 
may vary quite substantially from pulse-to-pulse and 
over a group of pulses. The resulting frequency scintil 
lation problem defeats the potential of the arrangement 
to a greater or lesser degree, depending upon many 
other theoretical and practical considerations. 
The manner in which the present invention over 

comes the aforementioned prior art difficulties through 
employment of a novel beam pointing programming 
concept and instrumentation/will be understood as this 
description proceeds. 

SUMMARY OF THE INVENTION 

In order to eliminate angle measurement errors due 
to frequency scintillation (in the azimuth plane for 
example), the present invention provides unique pro 
gramming of the tracking beam geometry involving 
utilization of the time delay inherently afforded by the 
mechanical array rotation (mechanical scan). The pro 
grammed beam geometry about a given target involves 
transmission of a left-hand beam pair and a right-hand 
beam pair at the same phasor settings for (elevation 
plane scanning), the right-hand pair being transmitted 
at a later time corresponding to a half beamwidth (for 
example) of array rotation. Thus, azimuth measure 
ments are made at the same frequencies, the frequency 
scan, providing essentially only the angular spacing 
between the beams of a pair but not the angular spacing 
of the pairs themselves. The (OAZ/Z) time delay thus 
performs a part of the beam pair pointing function in 
place of relying entirely on frequency programming 
therefor. Moreover, since the radar target cross-sec 
tions do not vary, due to frequency scintillation in this 
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arrangement, that particular problem associated with 
the prior art approach, is eliminated. ‘ 
The detailed manner in which the system according 

to the principles of the present invention is imple 
mented will hereinafter be described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a beam geometry diagram (as seen from the 
radar site) depicting the prior art approach to frequen 
cy/phase beam programming for tracking in a system 
involving mechanical array rotation, such as in a PPI or 
mechanical sector scan. ' 

FIG. 2 is a beam geometry diagram in accordance 
with the present invention, also as seen from the radar 
site. 
FIG. 3 is a tracking timing diagram illustrating the 

programming of the beam geometry of FIG. 2. 
FIG. 4 is a schematic block diagram of a system in 

accordance with the present invention. 
FIG. 5 is a block diagram showing the circuit ele 

ments contained in the signal processing block 36 of 
FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

For a mechanically rotating antenna, such as a PPI or 
sector scanning arrangement, the natural combination 
of low cost electronically superimposed scanning func 
tions is phase for elevation and frequency for azimuth. 
Thus, in order for the antenna beam to remain on a 
target, the frequency of transmission is varied in accor 
dance with the desired beam geometry about the tar 
get. ' 

In order to obtain accurate angular target measure 
ment using a mechanically-rotating antenna and the 
frequency/phase overlying scan techniques aforemen 
tioned, (i.e., for example, using a rotating planar array) 
the sequential lobing method of beam programming as 
depicted in FIG. 1, naturally suggests itself. Although 
such a scanning/tracking scheme avoids the use of the 
more expensive monopulse or phase/phase approaches, 
it does suffer from the hereinabove described fre 
quency scintillation problem. 
On FIG. 1 the left-hand beam pair A and B, respec 

tively, are transmitted at frequencies f2 and f3, followed 
immediately thereafter by the right-hand pair C and D 
at frequencies f1 and f2, respectively. The frequency 
increment between the successive beam pairs is such as 
to produce an advance of (0AZ/2), where 0“ is the 
effective beamwidth in azimuth in each of the individ 
ual beams in the con?guration. The azimuth spacing 
between each beam within each beam pair is also to be 
noted to be one-half beamwidth. Still further, it will be 
noted that, in view of the frequency scan cross-talk, 
that is, the fact that frequency scan also produces a 
nearly equal component of incidental scan in the eleva 
tion plane, the axis of frequency scan beam progression 
is tilted by an angle approaching 45°. An arrow on FIG. 
1 depicts the direction of mechanical rotation for the 
particular example being described. 

In the arrangement of FIG. 1 the design of the an 
tenna (the planar array for example) is such that, with 
appropriate phasor shift (programming) between the 
transmission of the A and B beam pair and the C and D 
pair, beam geometry may be constrained to conform to 
FIG. 1. Thus the two f2 transmissions, i.e., beams A and 
D, depicted on FIG. 1, are directly above one another 
and line up in azimuth about an indicated azimuth 
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4 
angular centerline. Such a sequential~lobing geometry 
permits elevation and azimuth anuglar target location 
estimation. In elevation, the upper and lower f2 beams 
(A and D) are used to obtain the frequency-scintilla 
tion-free elevation angular measurement with respect 
to the centerline (i.e., the average elevation position) 
between these two beams. In azimuth, both pairs of 
beams may be used to obtain an azimuth angular posi 
tion estimate by amplitude comparison techniques. 

It is to be understood, that the system is assumed to 
be a pulsed radar system and the aforementioned am 
plitude comparison is of received energy pulses along 
each beam. 
As hereinbefore indicated, the arrangement of FIG. 1 

may be considered a prior art arrangement and is, as 
indicated, subject to the frequency scintillation prob 
lem, basically because the frequency of each beam is 
not constant between successive pairs in azimuth. 

Referring now to FIG. 2, the operation of the unique 
arrangement of the present invention will be described, 
first from a strictly functional point of view. 

In FIG. 2, beams A’ and B’ are transmitted ?rst at 
two different frequencies f2 and f2. The transmission of 
these two beams of a beam pair are rapidly sequential, 
each representing a r microsecond transmission within 
a 2 r microsecond transmitter-modulator pulse. Ac 
cordingly, they must necessarily be transmitted at the 
same phasor setting (#1, since the agility of beam point 
ing as a function of phasor setting is not ordinarily as 
great as provided by frequency controlled beam posi 
tioning. 
The frequency difference f, — n is selected to result in 

approximately a (0AZ/2), i.e., one-half beamwidth 
azimuth difference. Depending on the frequency and 
elevation scan angle at any given time, there will be a 
variable elevation difference between beams A’ and B’. 

It is also useful to refer to FIG. 3, the timing diagram 
covering approximately a half beamwidth of the me 
chanical azimuth scan time. In the context of the me 
chanical rotation time-frame, the transmissions of 
beams A’ and B’ at f1 and f2 are nearly simultaneous, - 
the N hits at'each frequency are transmitted corre 
sponding to N dual-frequency, 2 r microseconds, trans 
missions. The boxes on FIG. 3 representing the N-hit 
timing at frequencies fl and f; is a relatively small, but 
not insignificant fraction of the time required for the 
azimuth mechanical array rotation mechanism to 
sweep the aforementioned half beamwidth in azimuth. 
Accordingly, the factor N may be relatively large. The 
actual value of this factor N will depend upon system 
requirements, the rate of mechanical azimuth rotation, 
and the PRF itself, as will be apparent from an under 
standing of the system of the invention. 
After the elapse of a time sufficient to permit me 

chanical rotation of the antenna by one-half azimuth, 
beamwidth, beams C’ and D’ are transmitted, also at f1 
and f2. These are also sequential within the 2 1' micro 
second transmitter-modulator pulse. It will be seen 
from FIG. 3 that there is a corresponding non-transmit 
ting gap in the azimuth mechanical program. ‘ 

It has been noted that, during a single pass of the 
mechanical azimuth scanning, the beam pairs A’ and B’ 
and also the pairs C’ and D'to are transmitted at the 
same fl and f2, respectively, and it is also to be noted 
that all are transmitted at the same phasor setting 4h. 
From this, it will be seen that azimuth angle measure 
ments are made at the same beam pair frequencies. 



5 
Referring now to FIG. 4, a ‘novel arrangement of 

components each known, per se, in the ‘prior art, is 
illustrated for producing the novel results thus far de 
scribed. A planar array 10 of a known type, is provided 
as shown, and is of the type speci?cally adapted for 
frequency controlled beam-pointing in the azimuth 
plane (the same plane as scanned by the mechanical 
rotator l l ), and for phase control of the pointing angle 
in elevation. These are various forms of planar ‘array 
which may be used, one type involves vertically stacked 
horizontally extending slotted waveguides. Other con 
?gurations involve waveguide feed serpentine to pro 
vide the desired electrical spacing required to obtain 
the angle vs. frequency sensitivity desired. The prior art 
also shows use of individual dipoles fed by such a wave 
guide arrangement, the planar array then comprising a 
two dimensional matrix of individual radiators. U.S. 
Pat. No. 3.083360 is representative and typical of the 
prior art for frequency/phase scan planar arrays‘. 
As illustrated in FIG. 4, a bank of electrically con 

trolled phase shifters (phasors) 12, provides the indi 
vidual phase controlled feeds with discrete phases pro 
vided at leads 13, 14, l5, 16, 17, l8, l9 and 20, for the 
control of elevation beam angle. 
Before exploring the scan mechanism further, refer 

toyt‘ne azimuth array angle transducer 22 which pro 
vides an output signal on lead 23 continuously describ 
ing the instantaneous azimuth angle position of the 
array 10. This information is required in order to de 
?ned an angle of mechanical array rotation equal to 
one-half of the azimuth beamwidth, a parameter re 
quired to effect the novel beam positioning program 
herein described. The connection from the rotator 11 
via lead 11a is to be understood to be a mechanical 
connection, and the transducer itself may be any 
known shaft angle encoder device, either analog or 
digital. 

It will be realized at this point that the invention is 
capable of either analog or digital instrumentation, and 

' the choice made in that regard, of course, dictates the 
nature of the output on 23, i.e., whether it is an analog 
or digital signal. It will be understood however, that the 
signal on lead 23 continuously described the rotational 
position of the array 10 with whatever degree of accu 
racy and granuality are consistent with the other pa 
rameters of the system. 
The frequency programmed signal provided by the 

frequency agile transmiter 28 is generated in a manner 
well understood in this art. Either 28 or element 33 
may be thought of as containing a controllable fre 
quency synthesizer with appropriate microwave power 
ampli?cation to generate the frequency modulated 
transmittable signal through the duplexer (circulator) 
29 and, via lead 30 to the phasor bank 12 and thence to 
the array 10 where the frequency program effects the 
previously mentioned vernier positioning of the trans 
mitted beam or beams in azimuth. Since the system is 
pulsed, echo signals are received by the array 10 and, 
by reciprocity of the array and yphasors, are passed to 
the receiver 32 via signal path 30, the duplexer 29 and 
lead 31. The actual control of the frequency transmit~ 
ted or generated for transmission by 28 is effected 
through a frequency programmer 33 and scan control 
ler 24, which operate together in the manner well un 
derstood in this art. Thus, the two beams of a beam 
pair, as hereinbefore described, are generated by pulses 
of corresponding RF frequency, each for a duration of 
1 within a 2 r transmitted pulse. Scan controller 24 
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provides control signals on 27 which are related to the 
elevation scanning phase program generated by pro 
grammer 21 by appropriately synchronizing the signals 
on leads 27 and 34. In this way an inertialess scanning 
operational format of the frequency phase two dimen 
sional scanning type is provided. An appropriately off 
set frequency signal on lead 35 provides a local oscilla 
tor function in receiver 32 in accordance with quite 
well known techniques relating to frequency scan radar 
in general. The output of receiver 32 is supplied to the 
signal processor 36 and a display. The display may be a 
standard plan position indicator (PPI) or a sector scan 
indicator if the mechanical antenna programming is of 
the sector scanning type rather than the continuous 
360° rotation. The display would be responsive to the 
output of 22 and the signal processed within 36, how 
ever, the display is, per se, not a part of the present 
novel combination. ‘YT 
Within the block 36, signal ‘(processing functions basi 

cally implement the following equation: 

A’ — c' 
+ ( )—, I ‘1" A + C (Equation I) 

The values A’, B’, C' and D’ are the receive signal 
amplitudes of each of the four beams of FIG. 2 com 
prising two beam pairs as previously described. The 
terms ill, and 412 are coefficients for example, from a 
read-only memory within 36, from which an appropri 
ate beam cross-over slope constant ill, may be selected. 
This equation is simply the averaging of two indepen 
dent measures of 0Az(EST), the B’, D’ pair and the A’, 
C’ pair for the classical difference divided by sum angle 
measurement schemes. 
Since the angular position of the array 10 is known at 

all times via the signals on 23 from block 22, the value 
BEST is readily calculated with respect to the instanta 
neous mechanical scan position. Further processing of 
this information to produce tracking or “homing in” of 
the beam centroid on a given target may be employed. 
Accordingly, the lead 26 may, in fact, be a two-way 
path whereby receiver signals used to calculate OEST can 
produce a signal modifying the values of f1 and f2 from > 
one mechanical scan cycle to the next through the . 
programmer 33. 

It will be realized that the technique of the present 
invention is not dependent" upon (0M2) separation 
between beam pairs, the separation being only nominal 
and subject to modi?cation within limits, according to 
timing requirements of other functions between the 
beam pairs of the track sequence. Differences from 
(OM/2) merely require differentd: values for the eangle 
estimation equation. 
The sacn controller 24 may‘ be though of as the 

source of pulse repetition pulses, such that it can gener 
ate 1' microseconds pulses for beam E interleaved with 
the 2 'r microsecond C’ and D’ pulse transmissions. 
Beam E is transmitted at f2 )to correspond to beam D') 
and is offset (Om/2) from D’ by phase shifter setting ¢,. 

That is (dig — do) —> ‘bu/2 (Equation 
II) 

In accordance with the foregoing, elevation angle 
may be determined in a manner very similar to azimuth 
determination, but in accordance with the following 
equation: 
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(Equation III) 

Referring now to FIG. 5, the details of the circuitry of 
the signal processing unit 36 of FIG. 1 will be ex 
plained. 
On FIG. 5 the inputs from receiver 33, from the scan 

controller 24 via lead 26, and from the angle trans 
ducer via lead 23 will be noted. Received video signals 
generated within the various beams of the scanning 
system resulting from the pulse transmissions de 
scribed, are passed from receiver 32 of FIG. 1 to ana 
log-to-digital converter.37 on FIG. 5. It should be real 
ized at the outset, that the processing within the device 
36 may be either of an analog or digital nature, how 
ever, digital processing is particularly convenient and 
effective, and appropriate circuits are available as com 
mercial subassemblies for digital signal processing in 
accordance with FIG. 5. The signal on lead 23 from the 
angle transducer 22 may likewise be digital and in fact 
is preferably so. The output of the analog to digital 
converter 37 contains all the digital signal amplitudes 
from all of the beams of FIG. 2. A signal from the scan 
controller 24 is applied to a block of shift registers 38 
to enable an individual register to respond to a signal 
ampltidue at the time corresponing to the beam identi 
?cations A’, B’, etc. It will be noted that the signal on 
26 is essentially an instantaneous, beam position, con— 
trolling signal which provides a digital number repre 
sentative of instantaneous beam position from the azi 
muth angle transducer 22 as modi?ed by the frequency 
program (and the phase program involve in elevation 
determination), these modi?cations being generated 
within the scan controller as a result of pre-program 
ming therein and also in accordance with external 
beam angle commands as for example from a tracker 
feed-back connection. This scan controller 24 is a se 
quency programming device readily instrumented by a 
person skilled in this art from the well-described se 
quences of the overall operations. 
From the stored values of beam amplitude A’, B’, C’, 

D’ and E in the register bank 38, subtractors and ad 
ders followed by dividers (modulated by ‘111) provide for 
the implementation of Equation 1. The value 41‘ at any 
given time is a function of beam shape and is readily 
encoded into the memory 45 as a function of angle. 
That is, the (I: coefficients are amplitude-to-angle con 
version factors which correct for instantaneous beam 
position with respect to the angle represented by the 
mechanical scan angle indentifying signal relating to 
each beam pair. Thus, it will be seen that substractors 
39 and 40 produce the A’ minus C’ and B’ minus D’ 
terms, respectively. The subtractor 39 and adder 41 
outputs are supplied to divider 43, and in the same 
manner substractor 40 and adder 42 outputs are sup 
plied to divider 44. The outputs of these dividers are 
modulated by the beam cross-over coef?cients sup 
plied by the read-only memory 45 as a function angular 
electronic scan by the appropriate 11:, values (i.e. till, 412 
and #13, as illustrated). The outputs of these dividers 43 
and 44 are then added in a summer 46 and divider-by 
2, 47. The result is the aforementioned 0,42 (EST) value 
in digital form as an output. This output is in antenna 
coordinates, and is transformed to the necessary earth 
coordinates by summer 51, which adds the antenna 
coordinates to the antenna mechanical angle supplied 
on 23, thus producing earth coordinates. 
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8 
The determination of elevation angle involves the 

additional beam E. This beam is generated at f2, in the 
same time period as beam C’ and D’ are being gener 
ated but on a PRF which is staggered or alternated with 
the PRF pulses generating beams C’ and D’. The beam 
E pulse is essentially a single frequency pulse and need 
only be in in duration as compared to the 2 1' two 
frequency pulses used for the generation of the A’, B’ 
beam pair and the C’, D’ beam pair. A reference to 
FIG. 3 helps to make this relationship entirely clear. 
The estimation of 0“ (EST) is accomplished by in 

strumenting Equation 3. In FIG. 5, these digital beam 
amplitude values D’ and E are supplied to another 
subtractor 48 and to an adder 49 whose outputs are 
divided and modulated by 1113 from read-only memory 
45 in the divider 50. The output of 50 is therefore a 
digital number giving the estimated 0“ (EST) value. 

In order to keep transmitter duty factor high, and to 
minimize total track time, the normal PRF of each of 
the C’, D’ and E beam positions is increased by three 
halves, and interleaved. Accordingly, the critical eleva 
tion angle measurement has neither amplitude nor 
frequency scintillation effects associated with it. More 
over, the elevation measurement is independent of 
azimuth offset, being associated only with the elevation 
portion of the track beam geometry, i.e., the relation 
ship between beams D’ and E. ‘ 
The technique and arrangement of the present inven 

tion will be found to be applicable to any track-while 
scan mechanically rotating radar employing pahse (ele 
vation)/frequency (azimuth) scanning superimposed 
on the mechanical scan. 
Modi?cations and variations in the embodiments 

described will suggest themselves to those skilled in this 
art, accordingly, it is not intended that the drawings or 
this description should be intended as limiting the 
scope of the invention, these being illustrative and 
typical only. 
What is claimed is: 
1. An angle tracking system for a track-while scan 

pulsed radar, comprising: 
a pencil-beam-forming array capable of providing 

inertia-less scan in at least a ?rst scanning coordi 
nate as a function of the frequency of RF energy 
applied thereto; 

first means for mechanically rotating said array to 
scan said beam in said ?rst coordinate, including 
angle transducer means for continuously providing 
a mechanical scan angle identifying signal; 

second means including a pulsed, frequency-agile 
transmitter, a receiver and duplexing means for 
energizing said array with RF pulses and for receiv 
ing corresponding target echoes, the variations of 
frequency of said RF pulses providing a superim 
posed scan in said ?rst scanning coordinate; 

third means responsive to a ?rst control signal for 
generating a pulsed frequency program to control 
said second means to transmit a sequential lobing 
pattern of N pulses at a ?rst radio frequency and N 
pulses at a second radio frequency on a time shared 
basis within each of N successive transmitter 
pulses, said first and second frequencies corre 
sponding to ?rst and second beam positions over 
lapping by a ?rst predetermined angle in said first 
coordinate; 

fourth means responsive to said angle indentifying 
signal for generating said ?rst control signal and for 
programming said ?rst control signal to effect repe 
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tition of the lobe sequencing provided by said third 
means to provide third and fourth beam positions 
overlapping by a second predetermined angle in 
said ?rst coordinate, said fourth means also being 
operative to program said ?rst control signal to 
produce a quiescent transmitter period between 
the end of said N transmitted pulses from said sec 
ond means corresponding. to said ?rst and second 
beam positions and the beginning of N transmis 
sions corresponding to said third and fourth beam 
positions; 

and ?fth means responsive to the relative amplitudes 
of received signals at each of said beam positions 
and to said angle identifying signal for generating a 
value corresponding to the estimated angular posi 
tion of a given target. 

2. Apparataus according to claim 1 in which said 
array is further de?ned as comprising beam forming 
structure for providing beams of substantially equal 
width in each of said ?rst, second, third and fourth 
beam positions, said ?rst scanning coordinate being 
further de?ned as the azimuth coordinate. 

3. Apparatus according to claim 2 in which said ?rst, 
second, third and fourth beam positions are identi?ed 
as beams A’, B’, C' and D’, respectively, and said ?fth 
means contains means for determining the estimated 
azimuth of a given target according to the equation: 

um Q. + w.) autism = 2 . 

Where ‘11, and 111, are beam cross-over constants. 
4. Apparatus according to claim 3 in which‘a read 

only memory is provided in said ?fth means for provid 
ing beam cross-over coef?cients (up!) as a function of 

?nd by said angle identifying signal of each beam pair 
.(A’, B’) and (C', D’). 

5. Apparatus according to claim 1 in which said ?rst 
scanning coordinate is further de?ned as the azimuth 
coordinate and said ?rst means is further de?ned as 
means for rotating said array continuously in one direc 
tion through a full 360° each revolution. 

6. Apparatus according to claim 5 in which said ?rst, 
second, third and fourth beam positions are identi?ed 
as beams A’, B’, C' and D’, respectively, and said ?fthv 
means contains means to determine the estimated azi 
muth of a given target according to the equation: 
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where ‘p, and Ill-2 are beam crossover constants. 
7. Apparatus according to claim 6 in which a read 

only memory is provided in said ?fth means for provid 
ing beam amplitude coef?cients (111,) as a function of 
the displacement from the instantaneous position de 
?ned by said angle identifying signal of each beam pair 
(A', B')_and (C', D’). 

8.- Apparatus according to claim 7 further de?ned in 
that a phase programmer is provided to control the 
elements of said array to produce independent posi 
tioning of the transmitted beam, said phase program 
mer being responsive to said fourth means, said fourth 
means comprising means for programming said third 
means and said second means to transmit N ancillary 
pulses at a second frequency and at pulse intervals 
interleaved with said pulses generating said ?rst, sec 
ond, third and fourth beams, for de?ning an E beam, 
said fourth means containing means for programming 
said phase controller to place said E beam at an angle 
displaced in elevation with respect to the center of said 
?rst, second, third and fourth beams as a group; and in 
which said ?fth means includes means for estimating 
the elevation angular position of a target echo by solv 
ing the equation 

D’ —E ' 
osussn = w, m. 

9. Apparatus according to claim 1 in which said array 
is further de?ned as comprising beam forming struc 
ture for providing beams of substantially equal widthin 
each of said ?rst, second, third and fourth beam posi 
tions, said ?rst scanning coordinate being further de 
?ned as the azirnuth coordinate, said predetermined 
angles being de?ned as each being equal to approxi 
mately 0/2, where 0 is the effective beamwidth of said 
?rst, second, third and fourth beams in said azimuth 
coordinate, said effective beamwidthbeing measured 
between 3db points. 

10. Apparatus according to claim 9 in which said 
fourth means is further de?ned as including means for 
producing said quiescent transmitter period approxi 
mately equal to the time required for said ?rst means to 
scan through an angle equal to said ~0/2. 
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